This supplemental document contains two sections. Section 1 provides details on conservation practices simulated in APEX and five conservation scenarios simulated for the MississippiAtchafalaya River Basin (MARB) as part of the Conservation Effects Assessment Project (CEAP). Section 2 provides information on methods and results and discussion of the calibration and validation in the MARB. .
practices in APEX can be found in Wang et al., (2011) , , and USDA-NRCS (2011; 2012a; 2012b; 2013a; 2013b) .
Conservation Practice Scenarios
Conservation practices and farming activities simulated in the current conservation condition, the no-practice scenario, the background and the two conservation treatment scenarios are contrasted in Supplemental Table 2. As described below for each scenario, practices and farm management on cropland (Supplemental Table 2 ) in APEX were modified while the SWAT management conditions on non-cropland and inputs remained unchanged. Edge-of-field flows and loads from APEX were aggregated and integrated with SWAT at each 8-digit watershed.
While APEX assessed the effectiveness of the practices on water quality at the edge-of-field for each scenario, SWAT assessed the effectiveness of the practices on local and instream or riverine water quality ( ii) No Practice Scenario: APEX simulations are made for cultivated cropland using farmer survey records assuming no conservation practices were used on cropland and CRP but holding all other model inputs and parameters the same as in the baseline conservation condition scenario (Supplemental Table 2 ). For example, for land areas with structural practices (buffers, terraces, grassed waterways, etc.), the no-practice scenario was simulated as if the practices were not present. Under-Treated Acres), represents treatment of cropland acres that were determined to have either a "high" or "moderate" need for additional treatment for reducing field losses of sediment or nutrients. Thus, the ENMC scenario simulates treatment of only the portion of the acres treated in the ENMA scenario that have the most critical need for additional treatment (Supplemental Table 2 ). The two simulated treatment scenarios differed in the number of acres treated.
iii) Enhanced Nutrient Management of Critically Under-treated Acres (referred as
The level of conservation treatment need (high, moderate, or low) was determined using a matrix approach. The simulated treatment levels were designed to minimally affect crop yields and maintain regional production capacity for food, fiber, forage, and fuel. Under-treated acres are defined as groups of acres where the level of conservation practice use is inadequate relative to the level of inherent vulnerability. Cropped acres were divided into 16 groups-defined by four soil vulnerability potentials and four conservation use levels. The evaluation of conservation treatment needs was conducted by identifying which of the 16 groups of cropland acres in the baseline conservation condition are inadequately treated with respect to the vulnerability potential. The evaluation was done separately for five resource concerns: (i) Sediment loss due to water erosion, (ii) N loss with surface runoff (N attached to sediment and in solution), (iii) N loss in subsurface flows, (iv) P lost to surface water (P attached to sediment and in solution, including soluble P in subsurface lateral flow pathways), and (v) Wind erosion. Usually, practices used for conservation treatment are combinations of erosion control practices, nutrient management practices and irrigation management practices.
• Acres with a "high" level of need for conservation treatment consist of the most critical under-treated acres in the region. These are the most vulnerable of the under-treated acres with the least conservation treatment and have the highest per-acre erosion and/or loss of nutrients.
• Acres with a "moderate" level of need for conservation treatment consist of under-treated acres that generally have lower levels of vulnerability or have more conservation practice use than acres with a high level of need. The treatment level required is not necessarily less, although it can be, but rather the soil and nutrient losses are lower and thus there is less potential on a per-acre basis for reducing agricultural pollutant loadings with additional conservation treatment.
• Acres with a "low" level of need for conservation treatment consist of acres that are adequately treated with respect to the level of inherent vulnerability. While gains can be attained by adding conservation practices to some of these acres, additional conservation treatment would reduce field losses by only a small amount. condition set up on "all cultivated cropland area" without any tillage, nutrients and pesticides and flow and loads were input for SWAT simulation. Thus, "background" loads include loads from non-cultivated land and point sources from SWAT and the natural vegetation loads from APEX.
All these source loads go through natural attenuation processes of sediment, nutrients and pesticides in channels and reservoirs. The goal was to estimate the expected background loads in the river system with "sources other than cultivated agriculture" such as point sources and noncropland and "without N contribution from cultivated cropland".
Section 2: Model Calibration and Validation
Regional scale models for the MARB were calibrated and validated before applying them for scenario assessment. Calibration was performed on process basis and sequentially for water yield, stream flow, upland erosion, channel erosion, and nutrients transported in different flow pathways in the basin. Additional information on calibration and validation can be found in the White et al. (2014) and .
a) Spatial calibration of water yield
Both the SWAT and APEX models set up for the MARB with current conservation condition were calibrated to capture the spatial variation in long-term average annual water yield, baseflow and surface runoff in each 8-digit watershed. A flow calibration procedure (Kannan et al., 2008; along with USGS average annual runoff estimates (Gebert et al., 1987) and baseflow estimates were used for calibration. Simulated average annual water yield, baseflow, and runoff were calibrated until they were within 20% to 25% of the estimated.
Spatial calibration at each 8-digit watershed helps to a) capture the spatial variation in hydrology and local water balance, and b) get the predicted streamflows closer to the observed.
b) Calibration and Validation of Annual Streamflow and Nutrients
The APEX model for MARB was calibrated for upland erosion, N, P and pesticide loads from cropland portion and input into the SWAT model ( Fig. 1 ). Semi-automated calibration programs (White et al., 2014) were used for streamflow, sediment and nutrient calibrations at multiple gages that involved numerous iterations of SWAT runs to minimize the difference (objective function) between observed and simulated constituents while keeping the number of model parameters to a minimum (approximately 10 to 20 parameters per constituent) and adjusting them within reported uncertainty ranges . Sediment and nutrient loads required for calibration were estimated using the USGS LOADEST program (Runkel et al., 2004) , measured streamflow and grab sample concentrations of sediment and nutrients. Calibration statistics such as Percent Bias (% bias), coefficient of determination (R 2 ), and Nash-Sutcliffe Efficiency (NSE) (Nash and Sutcliffe, 1970) were chosen for judging the model calibration performance using the guidelines developed by Moriasi et al., (2007) . The model was calibrated for annual streamflow, sediment, N and P at 38 gauging stations located at major rivers and their tributaries in the MARB between 1961 and 2006, using the available data. Streamflow calibration was conducted until the observed and simulated flows were within 15% to 20% of observations. Nutrient calibrations were conducted until the predicted nutrient loads were within confidence interval limits of observed loads. Further details on calibration procedure, APEX and SWAT parameterization for the Ohio Basin can be found in and calibration procedure and partial results for the MARB can be found in White et al. (2014) .
TN loads at 17 additional gages identified at different locations in the MARB were used for model validation (Saad et al., 2010) . Although the measured streamflow is generally available continuously for a longer period at most gauges, most of the USGS water quality data is available for shorter periods mostly after 1970. So, the calibration data was not split up between calibration and validation. Instead, gauging stations were chosen separately for calibration and validation.
c) Comparison of Spring Streamflow and N
Several studies (Goolsby and Battaglin, 2001a; Scavia and Donnelly, 2007; Booth and Campbell, 2007; and USEPA, 2011b) have indicated that concentration and flux of N in the rivers of the MARB tend to be highest in the spring, when streamflow is highest, and nutrients discharged to the Gulf during spring is critical to the size of the hypoxia zone. Hence, in this study, spring (average of April, May and June) streamflows and N loads were compared at 15 USGS gages in the MARB (Battaglin et al., 2010) Table 3 ). R 2 and NSE values of >0.8 in most of the gages indicate the good predication of the annual streamflows over the calibration period (Supplemental Table 4 ). The calibrated average annual TN loads at the gauges were with lower % bias (% bias of <=25% in most of the gages for average annual nutrients). Predicted average annual TN loads were also within confidence interval limits of observed loads (Supplemental Table 4 
Averages of observed and predicted spring streamflow matched well (Supplemental Fig.   1 ) within 25% in more than half of the gages studied (Supplemental Table 5 ). Similarly, averages of observed and simulated spring TN and nitrite plus nitrate N loads were within percent bias reported for monthly loads (Moriasi et al., 2007) at most gages except for a few (Supplemental Fig. 1 and Supplemental Specific to each sample point in CEAP farmer survey USLE P-factor changed to 1 and slope length increased for points with terraces, soil condition changed from good to poor.
Terraces were added to all sample points with slopes greater than 6 percent, and to those with slopes greater than 4 percent and a high potential for excessive runoff. Specific to each sample point as determined from CEAP farmer survey Unsheltered distance increased to 400 meter for all sample points with wind erosion control practices present in baseline.
For sample points where the wind erosion exceeded an average of 4 tons per acre per year in the baseline conservation condition, wind erosion practices were added so as to reduce the unsheltered distance to 120 feet. Change to hand-move sprinkler system except where the existing system is less efficient; application quantity set to respond to water stress threshold.
Systems were upgraded to center pivot or linear move sprinkler systems utilizing low-pressure sprinkler heads.
None b) Gravity systems
Specific to each sample point as determined from CEAP farmer survey Where conveyance is pipeline, change to gated pipe unless existing system is less efficient. Where conveyance is ditch, change to unlined ditch with portals unless existing system is less efficient.
Systems were upgraded and gated pipe replaced ditches.
None Nutrient management a) Application method
Specific to each sample point as determined from CEAP farmer survey Commercial fertilizer or manure that was incorporated, banded, or injected in baseline was changed to surface broadcast.
If the method of application was other than incorporation then fertilizer and manure applications were incorporated or injected. If the tillage type had been originally no-till, the incorporation of manure changed the tillage type to mulch tillage.
None b) Application timing
Specific to each sample point as determined from CEAP farmer survey Commercial fertilizer applications within 3 weeks prior to planting, at planting, or within 60 days after planting in baseline was changed to 3 weeks prior to planting: manure applications were not adjusted for timing.
Commercial fertilizer applications were adjusted to 14 days prior to planting. For acres susceptible to leaching loss, nitrogen was applied in split applications. Manure applications during winter were moved to 14 days pre-plant. If baseline application rate for total nitrogen (commercial fertilizer and manure applications) was less than ‡1.4 times the amount removed with the yield at harvest for nonlegume crops, application rates were increased to 1.6-1.9 times the amount removed at harvest, depending on the region. The increase was proportionate for all reported applications, including manure applications.
For crops other than legumes, small grains, or cotton, nitrogen application rates above 1.2 times the crop removal rate in the baseline were reduced to 1.2 times the crop removal. For small grain crops, nitrogen applications above 1.5 times the crop removal rate in the baseline were reduced to 1.5 times the crop removal rate. For cotton, nitrogen applications were reduced to 50 pounds per bale for sample points with application rates exceeding 50 pounds per bale in the baseline.
None d) Phosphorus application rate
Specific to each sample point as determined from CEAP farmer survey
If baseline application rate for total phosphorus (commercial fertilizer and manure) was less than 1.1 times the amount removed with the yield at harvest, application rates for all commercial fertilizer applications were increased to 1.6-2.3 times the amount removed at harvest, depending on the region. Manure applications were set by the nitrogen rules and were not further increased.
Phosphorus application rates above 1.1 times the amount of phosphorus removed in the crop at harvest over the crop rotation were adjusted to be equal to 1.1 times the amount of phosphorus removed in the crop at harvest over the crop rotation. Application rates for all phosphorus applications in the rotation were reduced in equal proportions.
None
Long-term conservation cover (cropland acres enrolled in Conservation Reserve Program)
Grass and/or tree cover determined from National Resources Inventory database, no fertilizer, no tillage
Cropped conditions were simulated using the no-practice scenario, as defined above for cropped acres.
Same as baseline Same as baseline † The two treatment scenarios differ in terms of the extent of acres treated, but the level of treatment is the same in both scenarios. ‡ Criterion was 1.6 times harvest removal for small grains; rate was increased to 2.0 times harvest removal for all regions. For cotton, criterion was less than 60 pounds per bale for cotton; rate was increased to 90 pounds per bale for all regions. 1969-2006 1961-2006 1961-2006 1961-2006 1970-2006 1972-2006 1961-2006 Predicted and NSE values closer 1 indicate better model predictions and greater than 0.5 are considered acceptable (Moriasi et al., 2007) . 
Supplemental

